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PROVIDING FRAME START INDICATION IN 
A MEMORY SYSTEMI HAVING 

INDETERMINATE READ IDATALATENCY 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a divisional application of U.S. Ser. No. 
1 1/843,150, filed Aug. 22, 2007, which is a continuation in 
part application of U.S. Ser. No. 1 1/289,193 filed Nov. 28, 
2005, now issued U.S. Pat. No. 7,685,392, issued Mar. 23, 
2010; the contents of both applications being incorporated by 
reference herein in their entirety. 

BACKGROUND 

This invention relates to memory systems comprised of 
hub devices connected to a memory controller by a daisy 
chained channel. The hub devices are attached to, or reside 
upon, memory modules that contain memory devices. More 
particularly, this invention relates to the flow control of read 
data and the identification of read data returned to the con 
troller by each hub device. 
Many high performance computing main memory systems 

use multiple fully buffered memory modules connected to a 
memory controller by one or more channels. The memory 
modules contain a hub device and multiple memory devices. 
The hub device fully buffers command, address and data 
signals between the memory controller and the memory 
devices. The flow of read data is controlled using either a 
leveled latency or position dependent latency technique. In 
both cases, the memory controller is able to predict the return 
time of read data requested from the memory modules and to 
schedule commands to avoid collisions as read data is merged 
onto the controller interface by each memory module. 

In some cases, the memory controller is able to issue a read 
data delay adder along with the read command. This instructs 
the targeted hub device to add additional delay to the return of 
read data in order to simplify the issuing of commands and to 
avoid collisions. In all cases, the read data must be returned in 
the order in which it was requested. Further, the total read data 
latency must be completely predictable by the memory con 
troller. During run time operations, these two restrictions 
result in additional gaps being added to packets of read data 
that are returned from the memory modules. This adds latency 
to the average read operation. In addition, hubs are notable to 
use indeterminate techniques to return read data faster or 
slower than normal. These techniques include, but are not 
limited to, caching read data locally, reading memory devices 
speculatively, independently managing memory device 
address pages, data compression, etc. 

To optimize average read data latency under real workload 
conditions, and to enable advanced hub device capabilities, 
what is needed is a way to allow memory modules to return 
read data to the memory controller at an unpredicted time. 
This must be done in a way that does not corrupt read data and 
that allows the memory controller to identify each read data 
packet. Preventing data corruption by avoiding data collisions 
is especially complicated as hub devices merge local read 
data onto a cascaded memory controller channel. 

SUMMARY 

An exemplary embodiment includes a method for provid 
ing frame start indication in a memory system having inde 
terminate read data latency. The method includes receiving a 
data transfer and determining if the data transfer includes a 
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frame start indicator. The method also includes capturing the 
data transfer and “n” Subsequent data transfers in response to 
determining that the data transfer includes a frame start indi 
cator. The data transfer and the “n” subsequent data transfers 
comprise a data frame. 

Another exemplary embodiment includes a hub device for 
providing frame start indication in a memory system having 
indeterminate read data latency. The hub device includes a 
mechanism for receiving data transfers via an upstream or 
downstream channel and for determining if a data transfer 
includes a frame start indicator. The hub device also includes 
a mechanism for capturing the data transfer and “n” Subse 
quent data transfers in response to determining that the data 
transfer includes the frame start indicator. The data transfer 
and the “n” Subsequent data transfers comprise a data frame. 
The hub device further includes a mechanism for transmitting 
the data frames via an upstream or downstream channel, each 
transmitted data frame including a frame start indicator. 

Another exemplary embodiment includes a memory con 
troller in a memory system having indeterminate read data 
latency. The memory controller includes a mechanism for 
receiving data transfers via an upstream channel and for 
determining if a data transfer includes a frame start indicator. 
The memory controller also includes a mechanism for cap 
turing the data transfer and 'n' Subsequent data transfers in 
response to determining that the data transfer includes the 
frame start indicator. The data transfer and the “n” subsequent 
data transfers comprise a data frame and the data frame 
includes a read data identification tag. The memory controller 
further includes a mechanism for associating the data frame 
with its corresponding read instruction issued by the memory 
controller using the read data identification tag. 
A further exemplary embodiment includes a memory sys 

tem having indeterminate read data latency. The memory 
system includes a memory controller and one or more hub 
devices in communication with the memory controller in a 
cascade interconnect manner. The memory controller 
receives data transfers via the upstream channel and deter 
mines if all or a Subset of the data transfers comprise a data 
frame by detecting a frame start indicator. The data frame 
includes an identification tag that is utilized by the memory 
controller to associate the data frame with a corresponding 
read instruction issued by the memory controller. The one or 
more hub devices receive the data transfers via the upstream 
channel or the downstream channel and determine if all or a 
Subset of the data transfers comprise a data frame by detecting 
the frame start indicator. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

Referring now to the drawings wherein like elements are 
numbered alike in the several FIGURES: 

FIG. 1 depicts an exemplary memory system with multiple 
levels of daisy chained memory modules with point-to-point 
connections; 

FIG. 2 depicts an exemplary memory system with hub 
devices that are connected to a memory modules and to a 
memory controller by a daisy chained channel; 

FIG. 3 depicts a hub logic device that may be utilized by 
exemplary embodiments; 

FIG. 4 is a exemplary process flow implemented by the hub 
logic device in exemplary embodiments; 

FIG. 5 is a read data format that may be utilized by exem 
plary embodiments; 

FIG. 6 is a read data format that may be utilized by exem 
plary embodiments; 
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FIG. 7 is a read data format that may be utilized by exem 
plary embodiments; 

FIG. 8 is a read data format that may be utilized by exem 
plary embodiments; and 

FIG.9 depicts an exemplary memory system that may be 
implemented by exemplary embodiments. 

DETAILED DESCRIPTION 

Exemplary embodiments utilize controller channel buffers 
(CCBs), read data frame formats with identification tags and 
a preemptive data merge technique to enable minimized and 
indeterminate read data latency. Exemplary embodiments 
allow memory modules to return read data to a memory 
controller at an unpredicted time. Identification tag informa 
tion is added to the read data packet to indicate the read 
command that the data is a result of, as well as the hub where 
the data was read. The identification tag information is uti 
lized by the controller to match the read data packet to the read 
commands issued by the controller. By using the identifica 
tion tag information, read data can be returned in an order that 
is different from the issue order of the corresponding read 
commands. 

Exemplary embodiments also provide a preemptive data 
merge process to prevent data collisions on the upstream 
channel when implementing the indeterminate read data 
latency. ACCB is added to the hub device to temporarily store 
read data. When a memory device on the memory module 
reads data, the data is transferred from the memory interface 
to the buffer. When the hub device detects that an upstream 
data packet (i.e., a data packet being sent to the controller 
from a hub device that is downstream from the detecting hub 
device) is not in the middle of being transferred into the 
detecting hub device via an upstream channel (it typically 
takes several transfers to send the entire data packet), the 
detecting hub device checks to see if there is a read data 
packet in its CCB that is waiting to be sent upstream. If the 
hub device detects a read data packet in the CCB it drives the 
read data packet from the CCB onto the upstream data bus. In 
the meantime, if a new upstream data packet is received via 
the upstream data bus, the data packet is stored in the CCB on 
the hub device. In this manner, data packets coming upstream 
do not collide with data packets being sent upstream from the 
CCB on the hub device. In the case where there is more than 
one data packet in the CCB, a variety of methods may be 
implemented to determine which data packet to send next 
(e.g., the data packet from the oldest read command may be 
sent first). 

Exemplary embodiments apply to memory systems con 
structed of one or more memory modules 110 that are con 
nected to a memory controller 102 by a daisy chained 
memory channel 114 as depicted in FIG. 1. The memory 
modules 110 contain both a hub device 112 that buffers com 
mands, address and data signals to and from the controller 
memory channel 114 as well as one or more memory devices 
108 connected to the hub device 112. The downstream por 
tion of the memory channel 114, the downstream channel 
104, transmits write data and memory operation commands to 
the hub devices 112. The upstream portion of the controller 
channel 114, the upstream channel 106, returns requested 
read data (referred to herein as upstream data packets). 

FIG. 2 depicts an alternate exemplary embodiment that 
includes a memory system constructed of one or more 
memory modules 110 connected to hub devices 112 that are 
further connected to a memory controller 102 by a daisy 
chained memory channel 114. In this embodiment, the hub 
device 112 is not located on the memory module 110; instead 
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the hub device 112 is in communication with the memory 
module 110. As depicted in FIG. 2, the memory modules 110 
may be in communication with the hub devices 112 via multi 
drop connections and/or point-to-point connections. Other 
hardware configurations are possible, for example exemplary 
embodiments may utilize only a single level of daisy chained 
hub devices 112 and/or memory modules 110. 

FIG.3 depicts a hub device 112 with flow control logic 308 
utilized by exemplary embodiments to perform the process 
ing described herein. The hub device 112 and the components 
within the hub device 112 may be implemented in hardware 
and/or software. The hub device 112 receives upstream data 
packets on the upstream channel 104 via the receiver logic 
304 (also referred to herein as an upstream receiver). The 
upstream data packets are data packets being sent to the 
controller102 from a hub device 112 that is downstream from 
the receiving hub device 112. An upstream data packet can be 
sent to the driver logic 306 (also referred to herein as the 
upstream driver) to be driven towards the controller 102 on 
the upstream channel 106 or, if the upstream channel 106 is 
busy, the upstream data packet can be temporarily stored in 
the CCB 310 on the hub device 112. The destination of the 
upstream data packet is determined by the flow control logic 
308 and implemented by sending a signal to the local data 
multiplexor 312. 

In exemplary embodiments, CCBs 310, or buffer devices, 
reside in the hub device 112 and safely capture upstream data 
packet transfers (via the receiver logic 304) that are shunted 
into the CCB310 while the hub device 112 is merging its local 
data packets onto the upstream channel 106. Local data pack 
ets are data packets that are read from memory devices 108 
attached to the memory module 110 being directed by the hub 
device 112. These memory devices 108 are also referred to 
herein as local storage devices. The data read from the local 
storage devices, the local data packets, are formatted for 
return on an upstream controller interface via the upstream 
driver and stored in the CCB 310. The formatting includes 
serializing the local data packet into the proper frame format 
(e.g., see exemplary frame format depicted in FIG. 5), and 
inserting values into the identification tag (Sourced from the 
read request), first transfer field, and bus cyclical redundancy 
code (CRC) field. In exemplary embodiments, the formatting 
of the local data packet is performed as part of storing the 
local data packet into the CCB 310. 
When a data packet is received at the memory interface 

302, it is stored into the CCB 310 while the local data packets 
are waiting to be merged onto the upstream channel 106 (via 
the driver logic 306). The identification tag within the data 
packet allows the memory controller 102 to correlate a 
returned read data packet with its corresponding read data 
request command. The data packet also contains a small, easy 
to decode start, or first transfer (ft) field (also referred to 
hereinas a frame start indicator) delivered near the beginning 
of an upstream read data frame (data packets are formatted as 
read data frames) which indicates that a read data frame is 
present in the data packet. In an exemplary embodiment, this 
is used by the new frame detection logic 314 in the flow 
control logic 308 in the hub device 112 to monitor the channel 
read data activity. 
When there is data in the CCBS 310 from either a local read 

operation or from a previously shunted read data packet from 
a downstream hub device (the data packets in the CCB are 
referred to herein as stored data packets), the hub device 112 
will merge it onto the upstream channel 106 via the driver 
logic 306 as soon as it is allowed. The hub device 112 merges 
local data onto the upstream channel 106 whenever the 
upstream channel 106 is idle, or immediately following the 
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last transfer of a data packet that is currently in progress. Read 
data frames will never be bisected using this method, but read 
data frames that are in flight on the upstream channel 106 that 
have not yet arrived at a hub device's 112 local data multi 
plexer 312 may be preempted and shunted into the CCB 310. 
This allows gaps in read data on the upstream channel 106 to 
be minimized which increases bus efficiency and results in 
reduced average read data latency under real world workload 
conditions. 
When there are multiple read data packets present in the 

CCBs 310, the hub device 112 can be configured to send the 
read data packet corresponding to the earliest read command. 
This minimizes undue latency on read requests issued to hub 
devices 112 that are many daisy chain positions away from 
the memory controller 102. Other CCB 310 unload prioriti 
Zation algorithms may also be implemented. For example, the 
identification tag field of the read data frame may contain a 
priority field. The priority field can be used to guide the 
unloading of the CCBs 310. Alternatively, priority informa 
tion may be delivered as the read data is requested. Hub 
devices 112 can then compare the identification tag to previ 
ously recorded priority information to determine the location 
in the CCB310 to send next. A method may also be employed 
that occasionally sends lower priority data before high prior 
ity data to ensure that low priority data is not completely 
stalled by requests that have been tagged with a higher prior 
ity. 

FIG. 4 is a process flow that is facilitated by the flow control 
logic 308 located in the hub device 112 in exemplary embodi 
ments. The process depicted in FIG. 4 performs preemptive 
local data merge and may be implemented by a mechanism 
including hardware and/or software instructions such as a 
finite state machine in the flow control logic 308. The process 
starts at block 402 and is repeated, in exemplary embodi 
ments, on a periodic basis (e.g., after each controller channel 
transfer, or upstream channel cycle). At block 404 any local 
read data packets (i.e., from memory devices 108 on memory 
modules 110 attached to the hub device 112) in the memory 
interface 302 are loaded into the CCB 310. This insures that 
the flow control logic 308 is aware of and managing the 
upstream driving of local read data. At block 406, it is deter 
mined if there is data in the CCB310. If there is no data in the 
CCB 310, then the data is routed from the receiver logic 304 
to the driver logic 306 at block 412. The routing is directed by 
the flow control logic 308 by setting the local data multiplexer 
312 to send the upstream data packet to the driver logic 306 
for driving the upstream data packet onto the upstream chan 
nel 106 towards the controller 102. Processing then continues 
at 414, where processing is sent back to block 404 at the next 
upstream channel cycle. 

If it is determined at block 406, that there is data in the CCB 
310 then block 408 is performed to determine if an upstream 
channel operation is in process (i.e., is an upstream data 
packet or a local read data packet in the middle of being driven 
onto the upstream channel 106 via the driver logic 306). 
Processing continues at block 412 if an upstream channel 
operation is in process (i.e., the driver is busy). At block 412, 
upstream read data packets are routed from the receiver logic 
304 to the driver logic 306 by setting the local data multi 
plexer 312 to send the upstream data packet to the driver logic 
306. Alternatively, processing continues at block 410 if an 
upstream channel operation is not in process (i.e., the driver is 
idle) and there is data in the CCB310. At block 410, data from 
the CCB 310 is driven onto the upstream channel 106 while 
any data packets received in the receiver logic 304 from the 
upstream channel 106 are shunted (stored) into the next avail 
able CCB310 location. The shunting is performed by the flow 
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6 
control 0 logic 308 directing the upstream data packets to be 
loaded into the CCB 310. Processing then continues at 414 
which sends processing back to block 404 at the next 
upstream channel cycle. 

FIG.5 is an exemplary read data frame format for upstream 
data packets and local read data packets on the upstream 
channel 106. The frame format depicted in FIG. 5 uses 
twenty-one signal lanes and each packet includes sixteen 
transfers. It includes a one bit frame start indicator 502 and an 
identification tag 504, as well as read data 506 and bus CRC 
bits 508 for transmission error detection. The read data 506 
includes 256 bits (32B) of read data plus additional bits that 
may be utilized for ECC. Other combinations of signal lanes 
and transfer depths can be used to create frame formats that 
include a frame start indicator 502, read data identification tag 
504 and read data 506 that are compatible with this invention. 
As described previously, the frame format includes a one 

bit frame start indicator 502 in the embodiment depicted in 
FIG. 5 (other frame start indicator lengths may also be imple 
mented). In an exemplary embodiment, the frame start indi 
cator 502 is utilized by the memory system (e.g., the memory 
controller, the hub device) to differentiate idle transfers (e.g., 
unused bus cycles) from frames comprised of requested and/ 
or un-requested data. Detecting the start of a new frame, as 
described herein, is performed by new frame detection logic 
904 located in a memory controller 902 and/or by the frame 
detection logic 314 located in a hub device 112. The logic 
may be implemented by circuitry and/or software instruc 
tions. 

Using the frame format shown in FIG. 5, upon receipt of a 
“1” in the upstream channel lane 19 (e.g. the frame start 
indicator 502), the receiving device (e.g. upstream hub device 
112 or buffer, or memory controller 104) captures the 16 
transfers (including the transfer containing the frame start 
indicator 502) comprising the complete frame, and applies 
the bus CRC bits 508 (comprising transfers 1 through 15 on 
lane 19) to the received information to determine if a valid 
frame was received. As used herein the term “data transfer” 
refers to the first data transfer (in this example, the transfer 
containing the frame start indicator 502, transfer “0”) and the 
term “n subsequent data transfers’ refers to the rest of the data 
transfers making up the complete frame (in this example “n” 
is equal to 15, transfers “1” -“15”). In other exemplary 
embodiments, “n” may be a different value depending on the 
number of data transfers that make up a data frame. For 
example, if 32 transfers make up a data frame, then “n” would 
be 31. 

In the exemplary embodiment depicted in FIG. 5, upstream 
channel lane 19 (e.g. the lane including the frame start indi 
cator 502) is maintained at a “0” level at all times that the lane 
is not in use (e.g., all "idle' frames include lane 19 as being 
decoded as a “0” level). 

Further, for bus structures in which one or more bit lanes 
must switch between “1's and “O's' periodically to retain bus 
training to assure data capture, the "idle' definition in the 
exemplary embodiment is changed consistent with the 
selected training method to assure that the identification of an 
"idle' condition is easily and accurately differentiated from 
valid frames. In an exemplary embodiment, to retain bus 
training, bit lane 19 (e.g. the lane containing the frame start 
indicator bit), during an "idle' state, changes from a “0” to a 
“1” every other cycle (another, predefined and/or program 
mable pattern may be used which affects polarity of the bit(s) 
comprising the "idle', state while assuring bus training 
requirements are met). In this case, the idle State is defined as 
a state where at least the bit lane containing the frame start 
indicator bit follows a predictable pattern indicative of an idle 
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state on the bus. In the exemplary embodiment, a valid frame 
includes the frame start indicator bit having a polarity (or 
other comparable signaling method) that is opposite that of an 
idle state that might be received at that time. 
As a further example, upstream channel lane 19 may be 5 

encoded as: "1 0 1 0 1 0” starting at a time t0 (the first “1”) 
through timets (the last “0”), with each of these levels being 
indicative of an "idle' frame. A valid frame would invert the 
frame start indicator bit at the start of the first transfer, and 
using the same example, a series of four "idle cycles fol- 10 
lowed by the start of a new frame at t5 would be encoded as: 
“1 0 1 00” where the “0” in position t5 indicates a new frame 
starting with the 5th transfer (the second of the two adjacent 
O's). As included herein, the validity of the new frame is 
determined by the CRC, ECC or other bus fault detection (and 15 
possibly correction) method employed to ensure the integrity 
of communication across the channel. Although one method 
of training is described relative to the frame start indicator 
502, other training methods may be employed which would 
still permit the identification of "idle' frames, as long as the 20 
training method is predictable by some means. 
Upon detection of the start of a new frame (e.g. by a “1” on 

channel lane 19 during an "idle' time), the “new frame detec 
tion logic' in flow control logic block 308 then disregards any 
further “1” bits on lane 19 until the completion of the frame 25 
transfer with the exemplary frame comprising 16 transfers, 
as shown in FIG. 5, but may also comprise either a fixed or 
programmable number of transfers (e.g. comprising a known 
8, 16, 32 or other transfer count) or including information 
regarding the length as part of the frame contents (e.g. as a 30 
portion of the information in tag 504). Once the frame is 
received, the new frame detection logic begins to monitor the 
bus for a new frame start indicator 502. The received frame 
might be followed by an "idle' period (e.g. lane 19 as a “0”) 
or with the start of a new frame (e.g. lane 19 as a “1”). 35 
Although bit lane 19 is identified as the frame start indicator 
502 in the exemplary embodiment, the frame start indicator 
502 could reside on another bit lane (e.g. 0 or 20), and the 
physical bit lane position might change as a result of a sparing 
action which replaces a failing bit lane with a spare bit lane. 40 
As a CRC fault that is identified in response to an identified 

frame does not permit the system to determine what portion of 
the frame contents are incorrect (e.g. whether the data 506, 
the identification tag 504 or the frame start indicatorbit was in 
error) the use of CRC in conjunction with this frame start 45 
method will not always permit the recipient (e.g. an upstream 
hub or controller) to accurately confirm that an error has 
occurred (since the source of the data is not known with 
confidence, and/or the error may include an erroneous frame 
start indicator 502). An alternate exemplary embodiment 50 
applies ECC across the upstream frame contents, rather than 
utilizing CRC, such as taught in U.S. Patent Publication No. 
20060107175A1 entitled “System, Method, and Storage 
Medium for Providing Fault Detection and Correction in a 
Memory System' to Dell, et. al., of common assignment here- 55 
with. The use of an ECC-based bus fault-tolerant mechanism 
permits identification of frame start indicator errors as com 
pared to a fault in the data being transferred. If the frame start 
indicator 502 is determined to be in error, the frame contents 
are discarded by the receiving device as relating to an invalid 60 
frame. In the case where the frame start indicator is received 
as a “0”, when sent as a “1” (due to line noise or other faults), 
neither the CRC or ECC method would work as the existence 
of a valid frame would not be detected at the start of the first 
frame, thereby ensuring that the frame would not be properly 65 
captured and analyzed by the recipient’s CRC or ECC cir 
cuitry. In this case, the exemplary system requests the infor 

8 
mation after a response time limit passes, or if the error is 
related to un-requested data (e.g. a local pre-fetch, initiated by 
a hub device 112), the loss of the un-requested data would not 
impact normal operation. 
To improve the ability of detecting that a frame start indi 

cator 502 bit has been missed, an exemplary embodiment 
includes means for reporting a CRC and/or ECC error indica 
tive of a missed frame. As a very high percentage of frames 
(e.g. comprised of 16 transfers) will include at least one “1” 
bit in the bit lane also containing the frame start bit (e.g. lane 
19), if the frame start bit has been missed (e.g. the bit is 
inverted and thereby is indicative of an "idle' state), a subse 
quent “1” on that bit lane will result in the frame being 
detected as starting at that point. The probability of that trans 
fer, in addition to the next 15 transfers being detected as a 
valid frame by the bus CRC or ECC is exceedingly small, and 
if detected as a valid frame, any “data extracted from the 
apparent “frame' subsequently will need to be validated by 
the integrated data ECC logic by the recipient (e.g. the 
memory controller102). The combination of these two events 
passing the contents of an invalid frame as including valid 
data is exceedingly small and is not addressed further by this 
invention. 
The most likely response to missing the frame start indi 

cator 502 bit (and identifying the frame as starting with a 
subsequent “1” on lane 19) is a failure of the CRC or ECC 
validation of the transfers erroneously identified as compris 
ing a “frame'. Should this situation occur, which will also 
create the possibility of a subsequent frame start indicator 502 
being missed for a frame starting immediately or soon after 
the current frame, the recipient could, in an exemplary 
embodiment, indicate that a frame error had occurred. 
Whereas this reporting is well-understood in downstream 
frame transfers (e.g. transfers from the memory controller 
102 to one or more memory modules 110), this reporting 
structure does not exist with current memory systems in 
which only predictable response times exist. In an exemplary 
embodiment, the recipient device (e.g. the memory controller 
and/or upstream hub device) notifies the memory modules 
attached to the bus in which the failing frame is detected that 
a frame failure has occurred. This notification occurs over one 
or more "error' lines which connect from the memory con 
troller to the one or more memory modules, although alter 
nate exemplary embodiments utilize the high speed down 
stream bus to provide this status and/or error information. 

Although other exemplary embodiments utilize a “hand 
shake' or “acknowledge' for the identification of errors, a 
method consisting of the reporting errors, and not the report 
ing of valid transfers, is preferable due to the downstream 
bandwidth requirement with the latter method. In response to 
failures, methods may be implemented in the sender's logic 
Such as a re-try feature (where upstream frame contents are 
retained for a time period to permit a re-try in case an erroris 
identified) to further address the rare failure cases. In most 
cases, missing an upstream frame will simply require that a 
new read operation be initiated by the controller, once the 
controller determines that the requested data has not been 
received. The loss of un-requested (e.g. pre-fetch data) simply 
requires that the memory controller access the memory mod 
ule, instead of storage locations within/near the controller, 
and as Such, does not constitute a system failure. Other exem 
plary embodiments include other methods for confirming 
receipt of information, rather than the reporting of failures. 

Further exemplary implementations may be implemented, 
using the single frame start bit, which will further improve the 
operability and reliability of a system operable with indeter 
minate read data latency. In an exemplary embodiment, the 
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frame start indicator 502 is comprised of a single transfer on 
a single bit lane (e.g. bit lane 19 as a “1”, as shown in FIG. 5). 
The idle case, however, requires that multiple bit lanes (e.g. 
19, 18 and 17, as well as others, if desired) all be set to a 
condition such as “0”. In this case, which is closely related to 
the single frame start bit indicator method, the first bit (e.g. 
lane 19 on transfer 0) is set to a state opposite that of an "idle’ 
state (e.g. to a '1'), indicating that a frame transfer is being 
initiated. Since an idle state requires that multiple bit lanes all 
beat a pre-determined state (such as “0”), a “0” on bit lane 19 
(indicating the likelihood that an idle frame was being 
received), and a “1” on one or more of the remainder of the 
lanes comprising the idle decode state indicates the possibil 
ity that the transmission of a valid frame is being attempted. In 
this case, the recipient might capture the “potential’ frame 
(e.g. the full upstream channel width over the 8, 16, 32 etc. 
transfers) to determine if the remainder of the frame is valid 
(e.g., ECC and/or CRC could be applied on the data as 
received and/or with the frame start indicator as a “1”), report 
a frame error to the memory modules or take other action 
associated with a defective/failed frame. This method signifi 
cantly reduces the probability that an intended frame is com 
pletely missed by the recipient, thereby negating a minor 
weakness in the single frame start bit solution. This solution 
retains the benefit of only requiring a single frame start bit, 
and thereby minimizing the frame overhead. Variations of this 
method would be used when bus/channel training is utilized, 
as described previously. 

Yet further embodiments, based on the above method, con 
tinue to use a single bit lane for the identification of a frame 
start, but have the "idle' decode include a pre-defined, non 
Zero pattern over multiple bit lanes, independent of any train 
ing patterns that might also apply (the training method would 
generally be in addition or on top of the "idle' data pattern). 
In this exemplary case, a valid frame startis identified by a “1” 
on upstream channel (bit) lane 19 in FIG. 5 (with the other 
lanes including information Such as tag(s) and/or data con 
sisting of “1's and “O's', as previously described), and an idle 
state is identified by a pattern such as “0 1 0 across the first 
transfer (e.g. “transfer 0 on lanes 19, 18 and 17). In this case, 
an idle state is well-defined, and any other pattern where 
bitlane 19 is a “0” and lanes 18 and 17 are not consistent with 
the "idle' pattern are indicative of a fault condition, which 
would result in one or more of the error recovery techniques 
previously described. 

In a related exemplary embodiment, both idle transfers and 
frame start indicators are encoded across multiple bit lanes 
(e.g. 19, 18 and 17, in FIG. 5). In this embodiment, triple 
modular redundancy is used to protect the frame start field. In 
an exemplary embodiment, idle frames are identified by a “0” 
in the bit lanes 19, 18 and 17, whereas a “1” in the same 
bitlanes (at the start of a transfer) indicate a valid transfer. Any 
other responses (e.g. a “0 1 0 pattern) indicate a fault (likely 
a bus error during an idle period) whereas a "1 0 1 pattern 
might indicate a bus error during an intended transfer. The 
latter identification might assist in determining if an error 
reporting action should be taken. In the latter case, the receiv 
ing device might attempt to determine if the transfer is valid, 
especially if bus fault correction is available (e.g. via bus ECC 
circuitry). Otherwise, if the means exists for a recipient (e.g. 
a hub device) to notify upstream devices (e.g., a hub device(s) 
and/or a memory controller) that a possible transfer was 
received and found to be in error, then the upstream device 
could re-send the data and/or other status information. Other 
exemplary embodiments include a pattern such as a "1 0 1 
across multiple bit lanes to denote “idle' sequences, whereas 
other patterns (e.g., all “1's', all “0's” or “0 1 0” patterns) are 
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10 
used to identify a frame start, with the selected solution based 
on the bus structure, training mechanism/frequency, fault 
detection circuitry, etc. In an exemplary embodiment, all 
“1's are used to identify a frame start. Since this embodiment 
would entail the use of more than a single bit, a new frame 
format, such as that shown in FIG. 6, would include additional 
frame start bit positions (bits 17, 18 and 19) and a slight 
restructuring of the remainder of the frame, as compared to 
FIG. 5, reducing the bit positions available for the read iden 
tification tag 604 by 1. The frame depicted in FIG. 6 also 
includes read data 606 and bus CRC bits 608. The read data 
606 includes 256 bits (32B) of read data, plus additional bits 
that may be utilized for ECC. In the exemplary embodiment 
depicted in FIG. 6, transfer 0 lanes 18 and 17 comprise a 
frame start indicator 602 which is now 3 bits in size, the 
identification tag 604 is reduced by 1 bit, and the removed 
data read bit from transfer 0 resides intransfer 1 lane 18, with 
the frame otherwise unchanged. Other exemplary embodi 
ments may include one or more of the utilization of a two bit 
frame start field (wherein the read data field 506 in FIG. 5 
would be unchanged), while otherwise being consistent with 
the method described herein. 

In yet another embodiment, as depicted in FIG.7, the frame 
start indicator 702 is comprised of multiple transfers on a 
single bit lane (bit lane “19). In this case, which is closely 
related to the single frame start bit indicator method, the first 
bit (e.g. lane 19 on transfer 0 in FIG.5) is set to a state opposite 
that of an "idle' state (e.g. to a “1”), indicating that a frame 
transfer is being initiated. To confirm that a valid frame is 
being transferred, however, requires that the remainder of the 
frame start indicator (e.g. bit lane 19, transfers 1 and 2) 
contain the remainder of the frame start indicator (e.g. both 
bits also set to a “1”). If a valid frame is identified (a "1 11 
pattern, on lane 19, across transfers 0, 1 and 2), then the 
remainder of the frame is received and tested with the CRC or 
ECC algorithm. Other frame start indicator patterns may be 
used, depending on the preferred training pattern or other 
design attributes. In this embodiment, if the second transfer 
does not include the expected frame transfer bit polarity, the 
recipient considers this as a frame error (an erroneously iden 
tified frame or a damaged frame), and might then reset the 
frame capture circuitry to consider the current transfer as 
possibly indicating the start of a new frame. As such, and 
depending on the frame start indicator pattern, it is possible 
for the frame capture circuitry to disregard a single transfer, 
thereby enabling a Subsequent valid transfer to be captured, 
minimizing lost cycles, expediting recovery from a failed 
transfer, etc. The frame depicted in FIG. 7 also includes a read 
identification tag 704, read data 706 and bus CRC bits 708. 

Yet further exemplary embodiments, as depicted in FIG. 8, 
include the use of a parity bit 810 across all or a portion of the 
bit lanes (and including the bit lane(s) comprising the frame 
start indicator 802), as a means of identifying failures that 
may correspond to failed frame start indicator attempts. In 
this case, the parity bit 810 is encoded across the channel 
lanes comprising transfer 0, with the parity bit residing in bit 
lane 18. The frame depicted in FIG. 8 also includes a read 
identification tag 804, read data 806 and bus CRC bits 808. In 
an exemplary embodiment, during every idle cycle the recipi 
ent checks the parity across the upstream channel lanes to 
check for valid parity. If no frame transfer bit is detected, but 
a parity failure is identified, this is a possible indication that a 
frame transfer was attempted, which would result in an error 
indication being sent to the attached memory modules. Simi 
larly, if a frame transfer bit is detected, in addition to a parity 
error, this is a possible indication that the frame transfer bit is 
in error or that another bit lane is in error. This condition 
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might also result in an error notification to attached memory 
modules, depending on the system design. Receipt of a frame 
transfer bit in addition to valid parity across the bit lanes 
comprising the transfer would indicate the start of a frame 
with a high degree of confidence. The subsequent CRC and/or 
ECC testing on the frame would further validate and/or cor 
rect the contents of the frame, and training methods would 
need to be considered in a specific implementation. 

Other combinations/extensions of the frame start indica 
tion methods described above, and/or modified versions of 
these methods may be applied in an effort to maximize the 
ability of a memory system to reliably operate with unpre 
dicted read response times and/or unexpected data transfers, 
without departing from the scope of the invention. 

FIG.9 depicts an exemplary memory system that may be 
implemented by exemplary embodiments. FIG.9 is similar to 
FIG. 1 and includes the new frame detection logic in the 
memory controller902. This provides the mechanism for the 
memory controller902 to determine if a data transfer received 
via an upstream channel includes a frame start indicator. If the 
data transfer includes a frame start indicator, then the memory 
controller captures (e.g., using a mechanism such as circuitry 
and/or software instructions) the data transfer and “n” subse 
quent data transfers. In this manner, the memory controller 
captures a data frame. In an exemplary embodiment, the data 
frame includes a read data identification tag for associating 
the data frame with its corresponding read instruction issued 
by the memory controller. In this manner, the memory con 
troller can Support indeterminate data read including both 
requested and un-requested data frames. 
As used herein the term “mechanism” refers to circuitry 

and/or software instructions for implementing the described 
process. 

Exemplary embodiments include a computing system with 
a processor(s) and an I/O unit(s) (e.g., requestors) intercon 
nected to a memory system that contains a memory controller 
and memory devices. In exemplary embodiments, the 
memory system includes a processor or memory controller 
interfaced to a set of hub devices (also referred to as “hub 
chips'). The hub devices connect and interface to the memory 
devices. In exemplary embodiments the computer memory 
system includes a physical memory array with a plurality of 
memory devices for storing data and instructions. These 
memory devices may be connected directly to the memory 
controller and/or indirectly coupled to the memory controller 
through hub devices. In exemplary embodiments, the hub 
based computer memory system has memory devices 
attached to a communication hub device that is connected to 
a memory control device (e.g., a memory controller). Also in 
exemplary embodiments, the hub device is located on a 
memory module (e.g., a single Substrate or physical device) 
that includes two or more hub devices that are cascaded 
interconnected to each other (and possibly to another hub 
device located on another memory module) via the memory 
bus. 
Hub devices may be connected to the memory controller 

through a multi-drop or point-to-point bus structure (which 
may further include a cascade connection to one or more 
additional hub devices). Memory access requests are trans 
mitted by the memory controller through the bus structure 
(e.g., the memory bus) to the selected hub(s). In response to 
receiving the memory access requests, the hub device trans 
lates the memory access requests to control the memory 
devices to store write data from the hub device or to provide 
read data to the hub device. Read data is encoded into one or 
more communication packet(s) and transmitted through the 
memory bus(ses) to the memory controller. 
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In alternate exemplary embodiments, the memory control 

ler(s) may be integrated together with one or more processor 
chips and Supporting logic, packaged in a discrete chip (com 
monly called a “northbridge' chip), included in a multi-chip 
carrier with the one or more processors and/or supporting 
logic, or packaged in various alternative forms that best match 
the application/environment. Any of these solutions may or 
may not employ one or more narrow/high speed links to 
connect to one or more hub chips and/or memory devices. 
The memory modules may be implemented by a variety of 

technology including a DIMM, a single in-line memory mod 
ule (SIMM) and/or other memory module or card structures. 
In general, a DIMM refers to a small circuit board which is 
comprised primarily of random access memory (RAM) inte 
grated circuits or die on one or both sides with signal and/or 
power pins on both sides of the board. This can be contrasted 
to a SIMM which is a small circuit board or substrate com 
posed primarily of RAM integrated circuits or die on one or 
both sides and single row of pins along one long edge. The 
DIMM depicted in FIG. 1 includes 168 pins in the exemplary 
embodiment, whereas subsequent DIMMs have been con 
structed with pincounts ranging from 100 pins to over 300 
pins. In exemplary embodiments described herein, memory 
modules may include two or more hub devices. 

In exemplary embodiments, the memory bus is constructed 
using multi-drop connections to hub devices on the memory 
modules and/or using point-to-point connections. The down 
stream portion of the controller interface (or memory bus), 
referred to as the downstream bus, may include command, 
address, data and other operational, initialization or status 
information being sent to the hub devices on the memory 
modules. Each hub device may simply forward the informa 
tion to the Subsequent hub device(s) via bypass circuitry; 
receive, interpret and re-drive the information if it is deter 
mined to be targeting a downstream hub device; re-drive 
some or all of the information without first interpreting the 
information to determine the intended recipient; or perform a 
Subset or combination of these options. 
The upstream portion of the memory bus, referred to as the 

upstream bus, returns requested read data and/or error, status 
or other operational information, and this information may be 
forwarded to the subsequent hub devices via bypass circuitry; 
be received, interpreted and re-driven if it is determined to be 
targeting an upstream hub device and/or memory controller in 
the processor complex; be re-driven in part or in total without 
first interpreting the information to determine the intended 
recipient; or perform a Subset or combination of these 
options. 

In alternate exemplary embodiments, the point-to-point 
bus includes a Switch or bypass mechanism which results in 
the bus information being directed to one of two or more 
possible hub devices during downstream communication 
(communication passing from the memory controller to a hub 
device on a memory module), as well as directing upstream 
information (communication from a hub device on a memory 
module to the memory controller), often by way of one or 
more upstream hub devices. Further embodiments include the 
use of continuity modules, such as those recognized in the art, 
which, for example, can be placed between the memory con 
troller and a first populated hub device (i.e., a hub device that 
is in communication with one or more memory devices), in a 
cascade interconnect memory system, such that any interme 
diate hub device positions between the memory controller 
and the first populated hub device include a means by which 
information passing between the memory controller and the 
first populated hub device can be received even if the one or 
more intermediate hub device position(s) do not include a hub 
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device. The continuity module(s) may be installed in any 
module position(s), Subject to any bus restrictions, including 
the first position (closest to the main memory controller, the 
last position (prior to any included termination) or any inter 
mediate position(s). The use of continuity modules may be 
especially beneficial in a multi-module cascade interconnect 
bus structure, where an intermediate hub device on a memory 
module is removed and replaced by a continuity module. Such 
that the system continues to operate after the removal of the 
intermediate hub device. In more common embodiments, the 
continuity module(s) would include either interconnect wires 
to transfer all required signals from the input(s) to the corre 
sponding output(s), or be re-driven through a repeater device. 
The continuity module(s) might further include a non-volatile 
storage device (such as an EEPROM), but would not include 
main memory storage devices. 

In exemplary embodiments, the memory system includes 
one or more hub devices on one or more memory modules 
connected to the memory controller via a cascade intercon 
nect memory bus, however other memory structures may be 
implemented Such as a point-to-point bus, a multi-drop 
memory bus or a shared bus. Depending on the signaling 
methods used, the target operating frequencies, space, power, 
cost, and other constraints, various alternate bus structures 
may be considered. A point-to-point bus may provide the 
optimal performance in Systems produced with electrical 
interconnections, due to the reduced signal degradation that 
may occur as compared to bus structures having branched 
signal lines, Switch devices, or stubs. However, when used in 
systems requiring communication with multiple devices or 
Subsystems, this method will often result in significant added 
component cost and increased system power, and may reduce 
the potential memory density due to the need for intermediate 
buffering and/or re-drive. 

Although not shown in the Figures, the memory modules 
or hub devices may also include a separate bus. Such as a 
presence detect bus, an I2C bus and/or an SMBus which is 
used for one or more purposes including the determination of 
the hub device an/or memory module attributes (generally 
after power-up), the reporting of fault or status information to 
the system, the configuration of the hub device(s) and/or 
memory Subsystem(s) after power-up or during normal 
operation or other purposes. Depending on the bus character 
istics, this bus might also provide a means by which the valid 
completion of operations could be reported by the hub 
devices and/or memory module(s) to the memory 
controller(s), or the identification of failures occurring during 
the execution of the main memory controller requests. 

Performances similar to those obtained from point-to 
point bus structures can be obtained by adding Switch devices. 
These and other solutions offer increased memory packaging 
density at lower power, while retaining many of the charac 
teristics of a point-to-point bus. Multi-drop busses provide an 
alternate solution, albeit often limited to a lower operating 
frequency, but at a cost/performance point that may be advan 
tageous for many applications. Optical bus solutions permit 
significantly increased frequency and bandwidth potential, 
either in point-to-point or multi-drop applications, but may 
incur cost and space impacts. 
As used herein the term “buffer or “buffer device refers 

to a temporary storage unit (as in a computer), especially one 
that accepts information at one rate and delivers it another. In 
exemplary embodiments, a buffer is an electronic device that 
provides compatibility between two signals (e.g., changing 
voltage levels or current capability). The term “hub’ is some 
times used interchangeably with the term “buffer. A hub is a 
device containing multiple ports that is connected to several 
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14 
other devices. A port is a portion of an interface that serves a 
congruent I/O functionality (e.g., a port may be utilized for 
sending and receiving data, address, and control information 
over one of the point-to-point links, or busses). A hub may be 
a central device that connects several systems, Subsystems, or 
networks together. A passive hub may simply forward mes 
sages, while an active hub, or repeater, amplifies and 
refreshes the stream of data which otherwise would deterio 
rate over a distance. The term hub device, as used herein, 
refers to a hub chip that includes logic (hardware and/or 
Software) for performing memory functions. 

Also as used herein, the term “bus' refers to one of the sets 
of conductors (e.g., wires, and printed circuit board traces or 
connections in an integrated circuit) connecting two or more 
functional units in a computer. The data bus, address bus and 
control signals, despite their names, constitute a single bus 
since each are often useless without the others. A bus may 
include a plurality of signal lines, each signal line having two 
or more connection points, that form a main transmission path 
that electrically connects two or more transceivers, transmit 
ters and/or receivers. The term “bus' is contrasted with the 
term "channel” which is often used to describe the function of 
a "port’ as related to a memory controller in a memory sys 
tem, and which may include one or more busses or sets of 
busses. The term “channel' as used herein refers to a port on 
a memory controller. Note that this term is often used in 
conjunction with I/O or other peripheral equipment, however 
the term channel has been adopted by some to describe the 
interface between a processor or memory controller and one 
of one or more memory Subsystem(s). 

Further, as used herein, the term “daisy chain” refers to a 
bus wiring structure in which, for example, device A is wired 
to device B, device B is wired to device C, etc. The last device 
is typically wired to a resistor or terminator. All devices may 
receive identical signals or, in contrast to a simple bus, each 
device may modify one or more signals before passing them 
on. A “cascade' or cascade interconnect as used herein refers 
to a Succession of stages or units or a collection of intercon 
nected networking devices, typically hubs, in which the hubs 
operate as a logical repeater, further permitting merging data 
to be concentrated into the existing data stream. Also as used 
herein, the term “point-to-point' bus and/or link refers to one 
ora plurality of signal lines that may each include one or more 
terminators. In a point-to-point bus and/or link, each signal 
line has two transceiver connection points, with each trans 
ceiver connection point coupled to transmitter circuitry, 
receiver circuitry or transceiver circuitry. A signal line refers 
to one or more electrical conductors or optical carriers, gen 
erally configured as a single carrier or as two or more carriers, 
in a twisted, parallel, or concentric arrangement, used to 
transport at least one logical signal. 
Memory devices are generally defined as integrated cir 

cuits that are composed primarily of memory (storage) cells, 
such as DRAMs (Dynamic Random Access Memories), 
SRAMs (Static Random Access Memories), FeRAMs 
(Ferro-Electric RAMs), MRAMs (Magnetic Random Access 
Memories), Flash Memory and other forms of random access 
and related memories that store information in the form of 
electrical, optical, magnetic, biological or other means. 
Dynamic memory device types may include asynchronous 
memory devices such as FPM DRAMs (Fast Page Mode 
Dynamic Random Access Memories), EDO (Extended Data 
Out) DRAMs, BEDO (Burst EDO) DRAMs, SDR (Single 
Data Rate) Synchronous DRAMs, DDR (Double Data Rate) 
Synchronous DRAMs or any of the expected follow-on 
devices such as DDR2, DDR3, DDR4 and related technolo 
gies such as Graphics RAMs, Video RAMs, LP RAM (Low 
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Power DRAMs) which are often based on the fundamental 
functions, features and/or interfaces found on related 
DRAMS. 
Memory devices may be utilized in the form of chips (die) 

and/or single or multi-chip packages of various types and 
configurations. In multi-chip packages, the memory devices 
may be packaged with other device types such as other 
memory devices, logic chips, analog devices and program 
mable devices, and may also include passive devices such as 
resistors, capacitors and inductors. These packages may 
include an integrated heat sink or other cooling enhance 
ments, which may be further attached to the immediate carrier 
or another nearby carrier or heat removal system. 
Module support devices (such as buffers, hubs, hub logic 

chips, registers, PLLs, DLLs, non-volatile memory, etc.) 
may be comprised of multiple separate chips and/or compo 
nents, may be combined as multiple separate chips onto one 
or more substrates, may be combined onto a single package or 
even integrated onto a single device—based on technology, 
power, space, cost and other tradeoffs. In addition, one or 
more of the various passive devices such as resistors, capaci 
tors may be integrated into the Support chip packages, or into 
the Substrate, board or raw card itself, based on technology, 
power, space, cost and other tradeoffs. These packages may 
include an integrated heat sink or other cooling enhance 
ments, which may be further attached to the immediate carrier 
or another nearby carrier or heat removal system. 
Memory devices, hubs, buffers, registers, clock devices, 

passives and other memory Support devices and/or compo 
nents may be attached to the memory Subsystem and/or hub 
device via various methods including solder interconnects, 
conductive adhesives, socket structures, pressure contacts 
and other methods which enable communication between the 
two or more devices via electrical, optical or alternate means. 

The one or more memory modules (or memory Sub 
systems) and/or hub devices may be electrically connected to 
the memory system, processor complex, computer system or 
other system environment via one or more methods such as 
soldered interconnects, connectors, pressure contacts, con 
ductive adhesives, optical interconnects and other communi 
cation and power delivery methods. Connector systems may 
include mating connectors (male/female), conductive con 
tacts and/or pins on one carrier mating with a male or female 
connector, optical connections, pressure contacts (often in 
conjunction with a retaining mechanism) and/or one or more 
of various other communication and power delivery methods. 
The interconnection(s) may be disposed along one or more 
edges of the memory assembly and/or placed a distance from 
an edge of the memory Subsystem depending on Such appli 
cation requirements as ease-of-upgrade/repair, available 
space/volume, heat transfer, component size and shape and 
other related physical, electrical, optical, visual/physical 
access, etc. Electrical interconnections on a memory module 
are often referred to as contacts, or pins, or tabs. Electrical 
interconnections on a connector are often referred to as con 
tacts or pins. 
As used herein, the term memory subsystem refers to, but 

is not limited to: one or more memory devices; one or more 
memory devices and associated interface and/or timing/con 
trol circuitry; and/or one or more memory devices in conjunc 
tion with a memory buffer, hub device, and/or switch. The 
term memory Subsystem may also refer to one or more 
memory devices, in addition to any associated interface and/ 
or timing/control circuitry and/or a memory buffer, hub 
device or Switch, assembled into a substrate, a card, a module 
or related assembly, which may also include a connector or 
similar means of electrically attaching the memory Sub 
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system with other circuitry. The memory modules described 
herein may also be referred to as memory Subsystems because 
they include one or more memory devices and hub devices 

Additional functions that may reside local to the memory 
subsystem and/or hub device include write and/or read buff 
ers, one or more levels of memory cache, local pre-fetch 
logic, data encryption/decryption, compression/decompres 
Sion, protocol translation, command prioritization logic, Volt 
age and/or level translation, error detection and/or correction 
circuitry, data scrubbing, local power management circuitry 
and/or reporting, operational and/or status registers, initial 
ization circuitry, performance monitoring and/or control, one 
or more co-processors, search engine(s) and other functions 
that may have previously resided in other memory Sub 
systems. By placing a function local to the memory Sub 
system, added performance may be obtained as related to the 
specific function, often while making use of unused circuits 
within the subsystem. 
Memory subsystem support device(s) may be directly 

attached to the same substrate or assembly onto which the 
memory device(s) are attached, or may be mounted to a 
separate interposer or Substrate also produced using one or 
more of various plastic, silicon, ceramic or other materials 
which include electrical, optical or other communication 
paths to functionally interconnect the Support device(s) to the 
memory device(s) and/or to other elements of the memory or 
computer system. 

Information transfers (e.g. packets) along a bus, channel, 
link or other naming convention applied to an interconnection 
method may be completed using one or more of many signal 
ing options. These signaling options may include Such meth 
ods as single-ended, differential, optical or other approaches, 
with electrical signaling further including Such methods as 
Voltage or current signaling using either single or multi-level 
approaches. Signals may also be modulated using Such meth 
ods as time or frequency, non-return to Zero, phase shift 
keying, amplitude modulation and others. Voltage levels are 
expected to continue to decrease, with 1.5V, 1.2V, 1V and 
lower signal Voltages expected consistent with (but often 
independent of) the reduced power Supply Voltages required 
for the operation of the associated integrated circuits them 
selves. 
One or more clocking methods may be utilized within the 

memory Subsystem and the memory system itself, including 
global clocking, Source-synchronous clocking, encoded 
clocking or combinations of these and other methods. The 
clock signaling may be identical to that of the signal lines 
themselves, or may utilize one of the listed or alternate meth 
ods that is more conducive to the planned clock 
frequency(ies), and the number of clocks planned within the 
various Subsystems. A single clock may be associated with all 
communication to and from the memory, as well as all 
clocked functions within the memory Subsystem, or multiple 
clocks may be sourced using one or more methods such as 
those described earlier. When multiple clocks are used, the 
functions within the memory Subsystem may be associated 
with a clock that is uniquely sourced to the Subsystem, or may 
be based on a clock that is derived from the clock related to the 
information being transferred to and from the memory Sub 
system (such as that associated with an encoded clock). Alter 
nately, a unique clock may be used for the information trans 
ferred to the memory Subsystem, and a separate clock for 
information sourced from one (or more) of the memory Sub 
systems. The clocks themselves may operate at the same or 
frequency multiple of the communication or functional fre 
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quency, and may be edge-aligned, center-aligned or placed in 
an alternate timing position relative to the data, command or 
address information. 

Information passing to the memory Subsystem(s) will gen 
erally be composed of address, command and data, as well as 
other signals generally associated with requesting or report 
ing status or error conditions, resetting the memory, complet 
ing memory or logic initialization and other functional, con 
figuration or related information. Information passing from 
the memory Subsystem(s) may include any or all of the infor 
mation passing to the memory Subsystem(s), however gener 
ally will not include address and command information. This 
information may be communicated using communication 
methods that may be consistent with normal memory device 
interface specifications (generally parallel in nature), the 
information may be encoded into a packet structure, which 
may be consistent with future memory interfaces or simply 
developed to increase communication bandwidth and/or 
enable the subsystem to operate independently of the memory 
technology by converting the received information into the 
format required by the receiving device(s). 

Initialization of the memory Subsystem may be completed 
via one or more methods, based on the available interface 
busses, the desired initialization speed, available space, cost/ 
complexity objectives, Subsystem interconnect structures, the 
use of alternate processors (such as a service processor) 
which may be used for this and other purposes, etc. In one 
embodiment, the high speed bus may be used to complete the 
initialization of the memory Subsystem(s), generally by first 
completing a training process to establish reliable communi 
cation, then by interrogation of the attribute or presence 
detect data associated the various components and/or char 
acteristics associated with that Subsystem, and ultimately by 
programming the appropriate devices with information asso 
ciated with the intended operation within that system. In a 
cascaded system, communication with the first memory Sub 
system would generally be established, followed by subse 
quent (downstream) Subsystems in the sequence consistent 
with their position along the cascade interconnect bus. 
A second initialization method would include one in which 

the high speed bus is operated at one frequency during the 
initialization process, then at a second (and generally higher) 
frequency during the normal operation. In this embodiment, it 
may be possible to initiate communication with all of the 
memory Subsystems on the cascade interconnect bus prior to 
completing the interrogation and/or programming of each 
Subsystem, due to the increased timing margins associated 
with the lower frequency operation. 
A third initialization method might include operation of the 

cascade interconnect bus at the normal operational frequency 
(ies), while increasing the number of cycles associated with 
each address, command and/or data transfer. In one embodi 
ment, a packet containing all or a portion of the address, 
command and/or data information might be transferred in one 
clock cycle during normal operation, but the same amount 
and/or type of information might be transferred over two, 
three or more cycles during initialization. This initialization 
process would therefore be using a form of slow commands, 
rather than normal commands, and this mode might be 
automatically entered at Some point after power-up and/or 
re-start by each of the subsystems and the memory controller 
by way of POR (power-on-reset) logic included in each of 
these Subsystems. 
A fourth initialization method might utilize a distinct bus, 

Such as a presence detect bus (such as the one defined in U.S. 
Pat. No. 5,513,135 to Dell et al., of common assignment 
herewith), an I2C bus (such as defined in published JEDEC 
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standards such as the 168 Pin DIMM family in publication 
21-C revision 7R8) and/or the SMBUS, which has been 
widely utilized and documented in computer systems using 
Such memory modules. This bus might be connected to one or 
more modules within a memory system in a daisy chain/ 
cascade interconnect, multi-drop or alternate structure, pro 
viding an independent means of interrogating memory Sub 
systems, programming each of the one or more memory 
Subsystems to operate within the overall system environment, 
and adjusting the operational characteristics at other times 
during the normal system operation based on performance, 
thermal, configuration or other changes desired or detected in 
the system environment. 

Other methods for initialization can also be used, in con 
junction with or independent of those listed. The use of a 
separate bus, such as described in the fourth embodiment 
above, also offers the advantage of providing an independent 
means for both initialization and uses other than initialization, 
such as described in U.S. Pat. No. 6,381,685 to Dell et al., of 
common assignment herewith, including changes to the Sub 
system operational characteristics on-the-fly and for the 
reporting of and response to operational Subsystem informa 
tion Such as utilization, temperature data, failure information 
or other purposes. 

With improvements in lithography, better process controls, 
the use of materials with lower resistance, increased field 
sizes and other semiconductor processing improvements, 
increased device circuit density (often in conjunction with 
increased die sizes) will help facilitate increased function on 
integrated devices as well as the integration of functions 
previously implemented on separate devices. This integration 
will serve to improve overall performance of the intended 
function, as well as promote increased storage density, 
reduced power, reduced space requirements, lower cost and 
other manufacturer and customer benefits. This integration is 
a natural evolutionary process, and may result in the need for 
structural changes to the fundamental building blocks asso 
ciated with systems. 
The integrity of the communication path, the data storage 

contents and all functional operations associated with each 
element of a memory system or Subsystem can be assured, to 
a high degree, with the use of one or more fault detection 
and/or correction methods. Any or all of the various elements 
may include error detection and/or correction methods such 
as CRC (Cyclic Redundancy Code), EDC (Error Detection 
and Correction), parity or other encoding/decoding methods 
suited for this purpose. Further reliability enhancements may 
include operation re-try (to overcome intermittent faults such 
as those associated with the transfer of information), the use 
of one or more alternate or replacement communication paths 
to replace failing paths and/or lines, complement-re-comple 
ment techniques or alternate methods used in computer, com 
munication and related systems. 
The use of bus termination, on busses as simple as point 

to-point links or as complex as multi-drop structures, is 
becoming more common consistent with increased perfor 
mance demands. A wide variety of termination methods can 
be identified and/or considered, and include the use of such 
devices as resistors, capacitors, inductors or any combination 
thereof, with these devices connected between the signal line 
and a power Supply Voltage or ground, a termination Voltage 
or another signal. The termination device(s) may be part of a 
passive or active termination structure, and may reside in one 
or more positions along one or more of the signal lines, and/or 
as part of the transmitter and/or receiving device(s). The 
terminator may be selected to match the impedance of the 
transmission line, or selected via an alternate approach to 
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maximize the useable frequency, operating margins and 
related attributes within the cost, space, power and other 
constraints. 

Exemplary embodiments pertain to a computer memory 
system constructed of daisy chained hub logic devices con 
nected to, or contained upon, memory modules. The hubs are 
daisy chained on a memory controller channel and are further 
attached to memory devices on the memory modules. The 
memory controller issues requests for read data to the hubs 
which merge this read data from the memory modules onto 
the memory channel. Using channel buffers and packet iden 
tification tags, the hubs are able to return read data at a time 
unpredicted by the memory controller, and at a time that may 
preempt a read request that had been issued earlier, without 
losing or corrupting any of the read data returned on the 
channel to the memory controller. 

Technical effects include the ability to optimize average 
read data latency by more fully utilizing the upstream chan 
nel. Through the use of CCBs, read data frame formats with 
identification tags and a preemptive data merge technique, 
indeterminate read data latency may be performed to more 
fully utilize the controller channel. 
As described above, the embodiments of the invention may 

be embodied in the form of computer-implemented processes 
and apparatuses for practicing those processes. Embodiments 
of the invention may also be embodied in the form of com 
puter program code containing instructions embodied in tan 
gible media, such as floppy diskettes, CD-ROMs, hard drives, 
or any other computer-readable storage medium, wherein, 
when the computer program code is loaded into and executed 
by a computer, the computer becomes an apparatus for prac 
ticing the invention. The present invention can also be embod 
ied in the form of computer program code, for example, 
whether stored in a storage medium, loaded into and/or 
executed by a computer, or transmitted over some transmis 
sion medium, Such as over electrical wiring or cabling, 
through fiber optics, or via electromagnetic radiation, 
wherein, when the computer program code is loaded into and 
executed by a computer, the computer becomes an apparatus 
for practicing the invention. When implemented on a general 
purpose microprocessor, the computer program code seg 
ments configure the microprocessor to create specific logic 
circuits. 

While the invention has been described with reference to 
exemplary embodiments, it will be understood by those 
skilled in the art that various changes may be made and 
equivalents may be substituted for elements thereof without 
departing from the scope of the invention. In addition, many 
modifications may be made to adapt a particular situation or 
material to the teachings of the invention without departing 
from the essential scope thereof. Therefore, it is intended that 
the invention not be limited to the particular embodiment 
disclosed as the best mode contemplated for carrying out this 
invention, but that the invention will include all embodiments 
falling within the scope of the appended claims. Moreover, 
the use of the terms first, second, etc. do not denote any order 
or importance, but rather the terms first, second, etc. are used 
to distinguish one element from another. 

The invention claimed is: 
1. A memory system having indeterminate read data 

latency, the memory system comprising: 
a memory controller configured for: 

receiving data transfers via an upstream channel; and 
determining whether all or a subset of the data transfers 

comprise a data frame by detecting a frame start indi 
cator, wherein the data frame includes an identifica 
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tion tag that is utilized by the memory controller to 
associate the data frame with a corresponding read 
instruction issued by the memory controller; and 

one or more hub devices in communication with the 
memory controller in a cascade interconnect manner via 
the upstream channel and a downstream channel, each 
hub device configured for: 
receiving the data transfers via the upstream channel or 

the downstream channel; and 
determining whether all or a subset of the data transfers 

comprise a data frame by detecting the frame start 
indicator. 

2. The memory system of claim 1 wherein one or more of 
the hub devices include memory devices and a mechanism for 
processing the read instruction when it is directed to one of 
the memory devices, the processing including creating a data 
frame having the frame start indicator. 

3. The memory system of claim 1 wherein the memory 
controller is further configured for generating read data 
instructions and transmitting the read data instructions to one 
or more of the hub devices via the downstream channel. 

4. A memory system having indeterminate read data 
latency, the memory system comprising: 

a memory controller configured for: 
receiving data transfers via an upstream channel in a 

channel that includes the upstream channel and a 
downstream channel; 

determining that a data transfer includes a frame start 
indicator, 

capturing the data transfer and “n” Subsequent data 
transfers in response to determining that the data 
transfer includes the frame start indicator, the data 
transfer and the “n” Subsequent data transfers com 
prising a data frame, where “n” is greater than Zero, 
and the data frame includes an identification tag; and 

associating the data frame with a corresponding read 
instruction issued by the memory controller, the asso 
ciating based on the identification tag; and 

a hub device in communication with the memory controller 
via the channel, the hub device configured for: 
receiving the data transfers via the channel; and 
determining whether all or a subset of the data transfers 

comprise a data frame by detecting the frame start 
indicator. 

5. The memory system of claim 4 wherein the hub device 
includes memory devices and a mechanism configured for 
processing the read instruction when it is directed to one of 
the memory devices, the processing including creating a data 
frame having the frame start indicator. 

6. The memory system of claim 4 wherein the memory 
controller is further configured for generating the read data 
instruction and transmitting the read data instruction to the 
hub device via the downstream channel. 

7. The memory system of claim 4 wherein the determining 
that the data transfer includes a frame start indicator includes 
checking a bit position in the data transfer for a frame start 
indicator value. 

8. The memory system of claim 4 wherein the determining 
that the data transfer includes a frame start indicator includes 
checking a plurality of bit positions in the data transfer for a 
frame start indicator value. 

9. The memory system of claim 4 wherein a parity bit in the 
data transfer is used to validate the determining that the data 
transfer includes a frame start indicator. 


